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 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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, &% '#= 
2484 *# @)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 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$ 
 %$%$. F
 ("	.: -
		
 "	 '	&	
  III . .%.) )
%  
&%=+ +  105 %, %=,  
$) 
>%, #% = 	
 )'# #)$ )
=)
 
%%()
» [2]. 
A 
%
) &-%+
&* * 
 

&
) %** #
$  -
'< # )	%= &=&=+ 
%
 
(A) 
 
+ #%
$ &
%; 
. -
&$ #$%;%; &% % 
-
%; 

 
#=+ %
). !'-
 
%
 
) 
$
$ =
   -
%+  

 =+ %: «C%;-
 
&%'
 #=+ %
+ , 
-
)
 
)% #
+ #$%
%
 ==% 
#*#
 ** #
$.  >%) (  

)) #<) )' '
#%; 
&
$ 
&%%= 
 >*%

 =+ ,  
$=+  *$
; %» [3].  
$# % 
#= #=  %%
%
 A 

#*, %+** 
 
;* +% 
 ; #
+ #$%
%
 [4–7]. B#-
$$ 
()
$, #%$ %) #* -
<
$, %%%% 2016 *#. )
,  -


 
%&
 [6–7], % %. 1,  % 
#%= #=  
&% *
	
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)) >)
&
+ %; % A  2015 – 
2016 **. #$ 
= 
 )
  ). 
C
 1 

&% *
	
+ 
 ) >)
&
+ %; % A  2015–2016 **. #$ 
= 
 )
  ) 
C
%
$, 
 %  

#
; 
 
E)
&
 
%
 % %
+
-
=+ #%
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%+*=+ %-
%(  2015 *# 
E)
&
 
%
 % %
+
-
=+ #%
 
 %+-
*=+ %%( 
 2016 *# 
% % 
B, 
2015 *
% % 
B, 
2016 *. 

&% 
*
	
+  
A, 2015 *. 

&% 
*
	
+  A, 
2016 *. 
 ) )
 $94 )#. $175 )# 0,082 0,24 4000 &. 11000 &. 
 
 531 831 000 *. 265 306 000 *. 0,027 0,011 242 &. 183 &. 
 '
,  %
 #%$
) 	* 
= (
%= =+ )	%.  % [8] 

#= #=  %%
%
 %; -
'<
+ 
 )
* 
$  1600 – 2000 **.  

 >%
+ #=+ 
# &% ='$ %-
#
$ *

 
)<% *'#* -

$, %$ #%  
. 1.  #), 
 
# 1945 – 2000 **. 
 <* 
&% -
*
	
+ 80% =
 *'#
)
. $ ;%) 
(1970–1975 **.) 
 >%
 
(= <  %*
&
: 
9 
 10 *
	
+ %
$  %*

 )
* 

$ [9]. 
?
. 1. #;=  (%) %; '<
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*'#* 
$  + XVII – XX  
C
 2 
A%%
%
 %;  (

+ + % 
= MM  
A% (
% #= N <
+ %; 
%    
% =+ 
%; 
A# %
 $ $ 1963–1973 250 000–750 000 20 000 3–8 

*
$ %
 
(= 1967–1970 500 000–2 000 000 75 000 4–15 
* '#$  1975–2002 1 500 000 160 475 11 
E(

$ (
=  E
%) '#$  1976–1991 1 000 000–2 000 000 16 000 2 
!)
 '#$  1976–1992 500 000–1 000 000 145 400 15–29 
A)
  '#$  1981–1996 250 000–350 000 66 750 19–27 
A# '#$  1983–2002 2 000 000 55 500 3 
P

$ '#$  1989–1996 150 000–200 000 23 500 12–16 
)%
&$

 * '#$  1998–2001 2 500 000 145 000 6 
%*  ;)
 
%) 
 *'#
 
= 
@ 
# 39 %
(115 %  
(
%) 
8 650 000–12 300 000 707 625 5–8 
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18 )$, 
=%&$ )%%;  % #%
*-
 100 %=$& &, >%  );  =	 
%=+  
=+ #%
$+» [10]. , ',  «-
#=» 

 = (
%=  (
, *# 
*
; *'#
+ 
 =
 90 % % < 
&
%
 
%=+. E%
 #= 
#=  
%. 2, 
)% 
 %= [10]. 
A) ) 
)
 '
$ )* 
'
$ (N!B)  +# =+ #%
 -

	  )$ B )
 = (B!). 
*  *#= B! = 
# 180 %=$& 
% 
 
&=+ %
, &
=+ 
%$<
)
 <%)
, 
 %=+   $ 
= 
) 125 %=$& %.   
	 =	 40 %
 N. N<
 %
 % +
-
)
&* '
$ 
%$  1,3 ). &, 

 
+ # 100 %=$&  )%;=) 
+#) [11]. 
;$  %)%
%;, &% ) 
)
 N 
)
$)
 %
%<
+ % = <-
% 
 %), =)  	
-
$+ * )
 

 1899 *. *
-
<
$ %= Q$

  ) 	

 «-
#'
%;$ % 
)
$ $#, 
&
-
%; ; %=+ $$%$ =
 #-
	<
+ 

 #=+ *».  % * 


 (1907 *.) #%'#
; #=#<
 
%=  
)
 %$<
+ 

 %-
=+ '
 [12]. %  +
)
& -
'
 (MN) = < 9
) %) 
1925 *#.  
 9$ 
$ % 1925 *# 
 )* 
%
%; 
;
 MN. %;-
$$ )
$    E(

  1935–1936 **. 
 19 )
=+ +
)
&
+ #  
) 
 
 >% %=, &% 
  
)=) '
$).  1937–1943 **. R
$ 
-
)$ N  )$ = %
 
%$,  ;-
%% &* 
%
  %$
  50 %=. 
&, '=+ >%
)
 <%)
 [13].   
(%+ % )
 = <
 %= 
%
&
  
)$
 MN ( 
&
) 
=)): «N 
)

 +
)
&
+ %$<
+ 
<%  ;  %
)
 
)
 # &; 
*$% 
 )
 
%&

.  «* #-

» . ;# 
%, &% #%
%; *
%-
 %
 * +
)
&
+  N 
13 
$ 1942 *. ##=   #  =) 

  &%

  $+  &; +
)
&
+ ##-

. # *%;, &% N $$$ 
  



%), %  (
*  # %+
&-
* 

$ &#
<* %
$ %
 
#'
)	* #)* *
» [14, 
A. 147].  )

 
%= %
 
;
 
#= 
) %) 
) ) 
* F
  #$ 
&%'
$ 
 * 
[15]. B % )
 = = (

-
 
)
 +
)
&* '
$ *
%)  
S) 
 %&
* * 
 *

# A#
-
=)
 "%%)
 )

  )$ =  
;%), &% % )<=) %
))  
$%
 
)'##=+ #*  * &%;) 
<
 
 
&%'
 [16]. N %' 
)-
$
; )   %
 )

  
 #-

+ %. 
B =) #=),  MM . 
 &
 70 
-
 
%
=+ =+ (
%   
)  15 = 
) +
)
& '
. B 
'#) %) & )
$ <%%; 
$$ &%; 
 =' '#
 
[13]. B>%), 
$%
 
 %
$  
 29 -
$ 1997 *. «

  <

 %
, 

#%, 
$ 
 
)
$ +
)
&-
* '
$ 
  * 
&%'

» (# – -

$) $$%$ &
%;=) =)  ( )'-
##* *)
%* . ;= 
%; N*


 NQ#
=+ 
 $$-
%$ #
%
) 

. %;  -
#
) 

 <%$%$ )'## 
N*

  <
 +
)
&* '
$ 
(N@MN), +#$<$  * (% 
#-
#=) [17]. N#, 
%= (%= 
)
$ 
<* '
*%;* '
$   
* (( '=)
 
)
 A"  -
 [18]. A#
 =	)$% 

 
 
#
)= $#) *#% )
$%
$  

&%'
  MN  &
%; %
 

'% 
 * 
)
$ «=)
 -
'=)
 ()

$)
»  +# =+ #%
 
%
 '<
+ 

 *'#* -

$.  % '=+ 
 %
&
 + 
*#% <%% 


= #-
#
$ #

, +
)
& 
 
*
&-
 <
%=,  
&= % < >((%
-
=)
 #%)
 =$
$ (% +
)
& %-

 
 <
%= % T,  
#

#;=)
, % 
 
%
=)
. 
),  
 #$ -
'<
+ 
; *#

   2014 *. 
=  %
$  6000 %
* (B)  
NNN «».  #%* %) 
%&
 

()

 #%, &% «>%
 #% 
#

#-
; <
%= (A@) 
*%=  %#%) 
CN, <= )))
, $<
)
 -
%
 *=  %$

 # 2 ). C %
-
* #% )'%  
)%;  %&
 %.  ) 
)' %; 
 #' %;. A%
)%; #* )-
% %$% 200 » [19]. 
B>%),  )
 % #* <-

$, +#
) %
%; 
)
  
 -


$ &* +
)
&* '
$ 
,  
#%
, '
$ 
$ #%
 
 
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 %
; =+ Q%+ 

 
 %-
%
 =+ +
)
&
+ <%. 
$ 
= >% ) $$%$ ;) -
%;.    [7]: « UW WY 
-

 W; 

 

$ A, ’$
+ W 
W$)
  

#)  * 

# &-

+ +W)W&
+ &
. W ’$
  (W-
$) 711 ’Y%W,  $
+ W*Y%;$  
-

%Y%;$  

&W #W$;%W W;	 285 
%
. % &
+ +W)W&
+ &
,  %) &
W: 
W;	 3 %
. % +, 183 %
. % )W % 
; 
99 %
. % W	
+ &
+ +W)WW… @
	Y%;-
$ *% ) '* #'$  %-
#
)
 %
)
 W#+#)
 % #)
 #$ W-
*$ %%+W)W%W  )W;W,  
  W;;-
W )W%$+.  %
%WU U
 
& 
# 20 )#. % %
+ W#+#W, W < $ 
W;W%; %Y  700 ). %».  ;%% >%*, 
 + )'* +
)
&* '
$ % >%
+ 
Q% '
% 10,244 ). &, &% -
%$%  25 % 
$ 
= [20]. -
)%$  
&
 ; *= 

$ 
A, %$
  &
) %<* -

$ %= A@ %$% '%; &	* 
  
#) %$% 13 % % +#
)*. B
&), 
 %#;=+ %$+ >%
 
(= &
%; 
',  

): A) (0,1 %), % (0,3 %), 
- (0,6 %).  P*, @'-
, P; 
 M %$+ %-
< 
 <  & A@ [7]. -

%; '
 )' 

  A@ *'-
#* %
  '), 

 (&% &	  %&
 

$ ##'
 %&%=+ 
#
%) 
*
 ) 
#%  #
$%
$+ 

=.  $# 

, 
), [21–24], 
#%$ =#  %), &% 
 &	 * 
&
%; A@ (
;%<* %
, &% $-
% &%%; %
%; %%  >%

, 

)) %
)%; 
*%
$,  %' #%-
%& = >((%
%; <
%= % 
 
%=+ =+ +
)
&
+ <%. 
C;  #
 *#=  %=%) #% 
% $$%;$ 
%%,  % )%
-

 %#;= = %

$ A@  

'=+ %
 [25–27]. ?% [31] )'-
 ) &
%%; 
%%. N%# #%, &% 

#
$  %
 %


 A@ #-
% &
%%; %;=)
. N&
#, &%  
-
)
 %%
=+ )% A@ &T%  
 
)
  #T'%
 (>((%
%
) 
A@. $ >%*  % [25] #' #-
$%; >((%
%; A@  $%%; =-

$ 
) * (
;* &
$.  )-
+ # %= # #
 
$% 
 #;	* * '#
$. $ %
)


 
 %

$ ' %; &%
%;-
%; 
&
= &% #'%
 A@  %-
	
  )=) 
)
$) %%
=+ -
)%. 
 	
	. $ 
 
$
$ )-
=+ 
)
 *)%  
)
 (

  
) () 
;% $%
 >%
&-
%
 (

. A% >%
&%
 # 

=  % [28]. B%; # #
((
-
)$ (
$ y f (x) . E%
&%; (%
-
%; &%
%;%;) >% (

  *-
)% x =% 
&
: 
x
dE (y) f (x)
dx f (x)
 
x . (1)
E% 
&
 =%,  ; -
% 
)
%$ &
 (

 
 
)

 
*)%  #
 %. E% $%
 #% 
-
; #$ 
 
$
$ 
)
$ %-
%
=+ )% A@  * #T'%;. 
B
  >((%
%
 C@ * #=+-

$  &=&=+ 
%
$+  % [29] 
;-
 $%%= #+#, 
 %) = 
#
$ &=+ 
&
, +%
-
<
+ &%= %
 #T'%
, 

)% 

%=)
.  >% ' % #' $%-
%; '
$ &   = %
-
&
+ <% #$%;  
: 
p 1 p(T)  , (2)
*# p(T)  – $%%; '
$, #$)$ 
 
='
$: 
1p(T) 1 erf ( k ln T(x, y, z))
2
    . (3) 
 >%) ='

 – >((% %
&-
* #%
$ <%  %&  #
%)
 
. $ 
%
&=+ &%  % 
[29] )#% 

)%; k=1. B
)), &% 
T(x, y, z)
(x, y, z)
u ln(T(x, y, z)) , %*# – 
%* $%-
% 

 (
$ ), 
)<$ 
#: 
erf (u)
u
2
0
2erf (u) exp( t )dt 
	 
 . (4)
$ #% &T% )
), &% $; 
)'# %#% (
 );* -
#
$ 
u 21 t(u) exp dt
22 
 
   
 

 (5) 

 (
 )  % [30] #  
#: 
1 u(u) 1 erf
2 2
  
    
  
. (6)
 "1  111 	
	 	1
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A#%;, $%%; '
$: 
p(T) (u)  . (7) 
 % [29] #' >((%
%; %-
#; $%* A@ 
%;  $%%; 
=
$ * (
;* &
$  
&T%) + )'=+ % 

$ N  
*
) &. 
&
  #' -
#$%;  
: 
(P
(P
,  (8) ( o #=+ P ? ? ?
*# – $%%; =
$ <
%=+ (-

 (
;%<
) %%) ();  – 
$%%; =
$ <
%=+ (
  &T-
%) #   #=+
$; – $%%; =-

$ <
%=+ (
 #%) @  &T%) 
#   * 
$. 
o?
#=+?
?

&
  #' #$%;  (-
): 
o?
?=
1,14
gr
gri a
D
1
D D
 
   
 , (9) 
*# – )
);$ *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DETERMINATION OF THE CALCULATING EFFECTIVENESS  
OF CIVIL FILTERING PERSONAL PROTECTIVE EQUIPMENT 
V. Barbashyn, V. Dubnytskyi, H. Fesenko, I. Cherepnov, V. Bazeliuk, Ye. Shpinda 
The statistics of emergency situations are considered. A clear global trend of increasing economic damage and the number 
of deaths in man-made and natural disasters is revealed. It was suggested that both the risk of using chemical weapons in the 
course of combat operations and the high probability of the emergence of a hotbed of chemical contamination on the territory of 
Ukraine as a result of accidents at potentially hazardous facilities are decreasing. The state of chemical safety and the popula-
tion provision with personal protective equipment (PPE) is analysed. A technique for determining the design efficiency of filter-
ing PPE is proposed. Variable parameters of PPE have the following design characteristics: maximal inhalation toxic dose, 
absorbed PPE, coefficient of sucking into the respiration zone; coefficient of suction in the zone of vision; specified by the techni-
cal specification, the protective action time of PPE. The fixed PPE parameters specified by the technical specification assume the 
following: the value of the threshold inhalation toxic dose, the value of the threshold concentration of poisoning substance (PS) 
when exposed through respiratory organs, the value of the threshold concentration of PS when exposed through the eyes. The 
effectiveness of a single PPE is defined as the probability of fulfilling its functional purpose, taking into account all possible ways 
of penetration of PS into the human body. This value is proposed to be defined as the product of the probability of performing 
protective functions by the filtering device (box), the probability of performing protective functions, taking into account the suck-
ing into the breathing zone, the likelihood of performing protective functions of PPE, taking into account the suction in the zone 
of vision. To determine the effect of small changes in variable parameters on the effectiveness of PPE, the elasticity of each of the 
factors with respect to variable parameters is determined. The factors absolute errors are calculated depending on the variable 
parameters absolute error. For the final evaluation of the effectiveness of PPE, taking into account the variable parameters ab-
solute errors, interval arithmetic with the representation of numbers in the centre-radius system is used. 
Keywords: consequences of emergency situations, chemical conditions, filtering personal protection equipment, the effec-
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